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(57) ABSTRACT

A synchronous rectifier controller is provided on a second-
ary side of an insulation-type synchronous DC/DC converter
and controls the synchronous rectifier transistor. A driver
circuit controls the synchronous rectifier transistor. A photo
coupler connection terminal is coupled to an input side of the
photo coupler. An error amplifier amplifies an error between
a voltage detection signal according to an output voltage of
the DC/DC converter and its target voltage, and to draw a
current according to the error from an input side of the photo
coupler via the photo coupler connection terminal.

17 Claims, 8 Drawing Sheets




US 9,438,128 B2
Page 2

(56) References Cited

U.S. PATENT DOCUMENTS

2014/0016362 Al* 1/2014 Adragna ... HO2M 3/158
363/21.02
2014/0071715 Al* 3/2014 Sato ............. HO2M 3/33515
363/21.01
2014/0078789 Al*  3/2014 Li ..o HO2M 3/33523
363/21.15
2014/0160808 Al* 6/2014 Sato ............. HO02M 3/33507
363/21.02

2014/0204625 Al*
2014/0254206 Al*
2014/0293658 Al*
2015/0103567 Al*

2016/0036340 Al*

* cited by examiner

7/2014

9/2014

10/2014

4/2015

2/2016

Liu i HO02M 3/33592
363/21.13
Ou i HO02M 3/33592
363/21.01
Cao ..o HO02M 3/33576
363/21.02
Wang ............... HO02M 3/33592
363/21.13
Kikuchi .....cccoovvnine HO2M 1/32
363/21.14



US 9,438,128 B2

Sheet 1 of 8

Sep. 6, 2016

U.S. Patent

|
|
|
|
|
_.W_\(W 3 B} I
3 X AJ _
|
|
“ - |
adp I
e
|
® 70¢Z CEpY |
0] 4 !
. A \ 202 |
LLL m _
2 wnd) |
A H 1m0 gjantion |
Adewld
] T ud |
H ° _1 Ll
Ko k% M 7m.>\_‘>> _ I_I
1—\ § “ oo_‘elﬁ
. k1 [ 1 .
LNOp ™ s NI K+ Y3114 HCE ovp
La 'ld
r|||||||||Ww ||||||||||||||||| 4 0Ol NOFZ
100¢
Tdv do1dd L mv_n_



US 9,438,128 B2

Sheet 2 of 8

Sep. 6, 2016

|
_ |
| |
| |
“ L - - — — = - _ 70 mn_>
b \% UI |||||||| - W NON
1Nno OOA 0Le 3
’ - A ad
LN (AMd)
aNo AL % s L HpH1no 19]|013U0D
* x M Klewlid
~ IS
¢d W \71 sap . P m e 3
(R lae |ﬁ
S

U.S. Patent

A |
A . ST Kt NEIN Bl
e ____ Id

o - 0l 201"~ ¢ 9l4




U.S. Patent Sep. 6, 2016 Sheet 3 of 8 US 9,438,128 B2




U.S. Patent Sep. 6, 2016 Sheet 4 of 8 US 9,438,128 B2

FIG.4

200
I P2
vouT
=5V
T
Ci~ZZ
. H Vo ~RZ| anD
202 w2 i
2 opvee vb~E| [gp~GND
S < =z
ouT > s [°
cs \ ] )
| SoAFE 5
Primary 5
Controller SC2 M2
(PSR) D3 fad ;
o 7 SRR
VDD oo il i
FB =y
e [ 322 [,0320 /fbrive
Internal VCC_UVLO
Regulator =3V 308
! Y
- 330 .
L ON—OFF
[T BLANKT 0 Blanking Time
Ky é l 340
336 , |
Y332 < +302
|
VTH1
>304
VTH2
R182
1L OFF—ON
1 Pn[TBLANK2 Blanking Time
FB
Vee
F—_———— ————"
D$2 I 312 !
L~ '
| — |
\ VREF !
310~ S v
T
L e o e ___ 4

5
300



US 9,438,128 B2

Sheet 5 of 8

Sep. 6, 2016

U.S. Patent

FIIIL?ILTIM W
1nO | 00A an d0l¢ NMN
Id Al MH_
b ' LT S
Nm_ew Fonﬁ Klewld
Sn 2 2 . - J
_‘W_\,\W gl _H_H_m ZM g2~ LM | ﬂk
1nop o= PMY L9oL~
T o 1
Son K= Tt +«t ETR ] @
||||||||||||||||||||||||||||||||| va W jid
00z~ vOoL 201" G 9ld



U.S. Patent Sep. 6, 2016 Sheet 6 of 8 US 9,438,128 B2

FIG.6

200b
1 I
D4
\,\ ~
VIN gﬁm 25: ~C4 Msz Vout=12~24V
P gl ¥
;; VV1fv§§ - ~ ﬁi
; : : Tornd 15,
w2 ~Vp
202 GND1 L
= Sl|zhevo vee  ouT
M1 gllzr g™ H
QuUT ~ > <«
_ ol|& > S| 300b
Primary all, N . ~
Controller U ] Lﬂ
(PWM) e 17322
Internal
csl—4 IV/IJ10 Regulator |~
FB e Vo 320
ji Rs H—~ VCC_UVLOP.
v [ 306
SC3
Vo'
e 330 324 ]
— ON—OFF
Blanking Time
340
3321 336 |

I 1~SH_IN Vs

~304
VTHz}_ T
342
SC4 ™ OFF—ON
(302b) Blanking Time
|..350 | 352
VCC_UVLO Internal
=14V Regulator
PC VO | 2~R1
¢ SH_OUT G

Ierr

%NR2
T-AGND |

L
sc5~H ' ——;—J GND

GND2

Inl




US 9,438,128 B2

Sheet 7 of 8

Sep. 6, 2016

U.S. Patent

008

c08

ovp

29l



U.S. Patent Sep. 6, 2016 Sheet 8 of 8 US 9,438,128 B2

FIG.8A 904
900

902

FIG.8B 904

/ ‘5@

f""_}\f@?lf _______ AH- 1] 100

_________________

Vac

902



US 9,438,128 B2

1
INSULATION-TYPE SYNCHRONOUS DC/DC
CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2014-158074, filed Aug. 1, 2014, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a DC/DC converter.

2. Description of the Related Art

Various kinds of home appliances such as TVs, refrigera-
tors etc., each receive externally applied commercial AC
electric power for its operation. Also, electronic devices
such as laptop computers, cellular phone terminals, and
tablet devices are each configured to operate using commer-
cial AC electric power, and/or to be capable of charging a
built-in battery using the commercial AC electric power.
Such home appliances and electronic devices (which will
collectively be referred to as “electronic devices” hereafter)
each include a built-in power supply apparatus (converter)
configured to convert the commercial AC voltage to DC
voltage. Alternatively, such a converter is built into an
external power supply adapter (AC adapter) for such an
electronic device.

FIG. 1 is a block diagram showing an AC/DC converter
1007 investigated by the present inventor. The AC/DC
converter 1007 mainly includes a filter 102, a rectifier circuit
104, a smoothing capacitor 106, and a DC/DC converter
2007

The commercial AC voltage V. is input to the filter 102
via an unshown fuse and an unshown input capacitor. The
filter 102 removes noise included in the commercial AC
voltage V.. The rectifier circuit 104 is configured as a
diode bridge circuit which full-wave rectifies the commer-
cial AC voltage V.. The output voltage of the rectifier
circuit 104 is smoothed by the smoothing capacitor 106,
thereby generating stabilized DC voltage V,,.

The insulation-type DC/DC converter 2007 receives the
DC voltage V,, at its input terminal P1, steps down the DC
voltage V,, and supplies an output voltage V - stabilized
to the target value to a load (not shown) connected to its
output terminal P2.

The DC/DC converter 2007 includes a primary controller
202, a photo coupler 204, a shunt regulator 206, an output
circuit 210, and additional circuit components. The output
circuit 210 includes a transformer T1, a diode D1, an output
capacitor C1, and a switching transistor M1. The output
circuit 210 has a conventional topology, and accordingly,
detailed description thereof will be omitted.

With the switching operation of the switching transistor
M1, the input voltage V, is stepped down, and the output
voltage V. is generated. The controller 202 adjusts the
duty ratio of the switching operation of the switching
transistor M1 so as to stabilize the output voltage V 5.1 to
the target value.

The output voltage V .7 of the DC/DC converter 2007 is
divided by the resistors R1 and R2. The shunt regulator 206
amplifies an error between the divided voltage (voltage
detection signal) V, and a predetermined reference voltage
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Vzer and draws (sinks) an error current 1., according to
the error from the light emitting device (LED) of the photo
coupler 204.

Accordingly, a feedback current 1.5 flows through the
light receiving device (photo transistor) of the photo coupler
204, which corresponds to the error current I, at the
secondary side. The feedback current I is smoothed by a
resistor and a capacitor, and is supplied to a feedback (FB)
terminal of the controller 202. The controller 202 adjusts the
duty cycle of the switching transistor M1 according to a
feedback voltage V5 at the FB terminal.

The present inventors have investigated the AC/DC con-
verter 1007, and have come to recognize the following
problem. For a stable operation of the shunt regulator 206,
a cathode current I should be kept to some degree. The
cathode current I, includes a component which contributes
to the feedback operation and a constant bias component
(i.e. idle current). For example, most of the shunt regulators
on the market require the idle current of a several hundred
microamperes (for instance, 700 microamperes), and this
lowers an efficiency of the AC/DC converter 100x

SUMMARY OF THE INVENTION

The present invention has been made in order to solve
such a problem. Accordingly, it is an exemplary purpose of
the present invention to provide a DC/DC converter with an
improved efficiency.

An embodiment of the present invention relates to a
synchronous rectifier controller provided on a secondary
side of an insulation-type synchronous DC/DC converter.
The synchronous rectifier controller controls the synchro-
nous rectifier transistor. The isolation-type DC/DC converter
comprises: a transformer having its primary winding and its
secondary winding; a switching transistor coupled to the
primary winding of the transformer; a synchronous rectifier
transistor coupled to the secondary winding of the trans-
former; a photo coupler; and a primary controller coupled to
an output of the photo coupler, and configured to control the
switching transistor according to a feedback signal from the
photo coupler. The synchronous rectifier controller com-
prises: a driver circuit for switching the synchronous recti-
fier transistor; a photo coupler connection terminal coupled
to an input side of the photo coupler; and an error amplifier
structured to amplify an error between a voltage detection
signal according to an output voltage of the DC/DC con-
verter and its target voltage, and to draw a current according
to the error from an input side of the photo coupler via the
photo coupler connection terminal. The synchronous recti-
fier controller is packaged in a single module.

With such an embodiment, an input current flowing
through the photo coupler is generated by the error amplifier
integrated in the synchronous rectifier controller, instead of
the conventional shunt regulator. Accordingly, current con-
sumption of the error amplifier can be reduced in compari-
son with that of the shunt regulator.

In one embodiment, a power supply plane for the error
amplifier and a power supply plane for the driver circuit may
be isolated each other, and a ground plane for the error
amplifier and a ground plane for the driver circuit may be
isolated each other.

Such an embodiment may support the circuit topology
where the synchronous rectifier transistor is disposed at a
higher voltage side of the secondary winding (output termi-
nal side).

In one embodiment, the power supply plane for the error
amplifier may be supplied with an internal power supply
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voltage which is generated from a voltage at the photo
coupler connection terminal, and the ground plane of the
error amplifier may be supplied with a ground voltage at the
secondary side of the DC/DC converter.

In one embodiment, the synchronous rectifier transistor
may be provided at a high voltage side of the secondary
winding. The transformer may further comprise an auxiliary
winding provided at its secondary side, and the DC/DC
converter may be structured to generate, by using the
auxiliary winding, a power supply voltage with reference to
a voltage potential at a line connecting the synchronous
rectifier transistor to the secondary winding. The ground
plane of the driver circuit may be supplied with the voltage
potential at the line, and the power supply plane of the driver
circuit may be supplied with the power supply voltage.

In one embodiment, the error amplifier may be integrated
on one semiconductor chip, and the driver circuit may be
integrated on another semiconductor chip. This improves an
isolation between the error amplifier and the driver circuit.

In one embodiment, the synchronous rectifier controller
may further comprises the synchronous rectifier transistor,
and may be packaged in the single module.

In one embodiment, the error amplifier may comprise: a
differential amplifier that amplifies an error between the
voltage detection signal and its target voltage; and an output
transistor having its base/gate receiving an output signal of
the differential amplifier, its emitter/source connected to the
ground, and its collector/drain connected to the photo cou-
pler connection terminal.

In one embodiment, the driver circuit may comprise: a
pulse generator that generates a pulse signal, wherein a level
of the pulse signal changes according to at least a voltage
across the synchronous rectifier transistor; and a driver that
drives the synchronous rectifier transistor according to the
pulse signal.

In one embodiment, (i) the pulse generator may set the
pulse signal at an on-level when the voltage across the
synchronous rectifier transistor becomes lower than a pre-
determined negative first threshold voltage, and (ii) the pulse
generator may set the pulse signal at an off-level when the
voltage across the synchronous rectifier transistor becomes
higher than a predetermined negative second threshold volt-
age, the second threshold voltage being higher than the first
threshold voltage.

In one embodiment, the pulse generator may comprise: a
set comparator structured to compare the voltage across the
synchronous rectifier transistor and the first threshold volt-
age so as to generate a set pulse; a reset comparator
structured to compare the voltage across the synchronous
rectifier transistor and the second threshold voltage so as to
generate a reset pulse; and a flip-flop structured to change its
output according to the set pulse and the reset pulse.

In one embodiment, the pulse generator may further
comprise a blanking circuit structured to mask the set pulse
and the reset pulse for a predetermined period.

In one embodiment, the DC/DC converter may be a
flyback converter. In one embodiment, the DC/DC converter
may be a forward converter.

Another embodiment of the present invention relates to an
insulation-type synchronous DC/DC converter. The syn-
chronous DC/DC converter comprising: a transformer hav-
ing its primary winding and its secondary winding; a switch-
ing transistor coupled to the primary winding of the
transformer; a synchronous rectifier transistor coupled to the
secondary winding of the transformer; an output capacitor;
a photo coupler; the aforementioned synchronous rectifier
controller structured to control the synchronous rectifier
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transistor, and to supply a current according to an error
between an output voltage at the output capacitor and its
target voltage to an input side of the photo coupler; and a
primary controller coupled to an output of the photo coupler,
and configured to control the switching transistor according
to a feedback signal from the photo coupler.

Yet another embodiment of the present invention relates
to a power supply apparatus (AC/DC converter). The power
supply apparatus comprises: a filter structured to filter a
commercial AC voltage; a diode rectifier circuit structured to
full-wave rectify an output voltage of the filter; a smoothing
capacitor coupled to smooth an output voltage of the diode
rectifier circuit, so as to generate a DC input voltage; and the
aforementioned DC/DC converter configured to step down
the DC input voltage, and to supply the DC input voltage
thus stepped down to a load.

Yet another embodiment of the present invention relates
to an electronic device. The electronic device comprises: a
load; a filter structured to filter a commercial AC voltage; a
diode rectifier circuit structured to full-wave rectify an
output voltage of the filter; a smoothing capacitor coupled to
smooth an output voltage of the diode rectifier circuit, so as
to generate a DC input voltage; and the aforementioned
DC/DC converter configured to step down the DC input
voltage, and to supply the DC input voltage thus stepped
down to the load.

Yet another embodiment of the present invention relates
to a power supply adapter. The power supply adapter com-
prises: a filter structured to filter a commercial AC voltage;
a diode rectifier circuit structured to full-wave rectify an
output voltage of the filter; a smoothing capacitor coupled to
smooth an output voltage of the diode rectifier circuit, so as
to generate a DC input voltage; and the aforementioned
DC/DC converter configured to step down the DC input
voltage so as to generate the DC output voltage.

It is to be noted that any arbitrary combination or rear-
rangement of the above-described structural components
and so forth is effective as and encompassed by the present
embodiments.

Moreover, this summary of the invention does not nec-
essarily describe all necessary features so that the invention
may also be a sub-combination of these described features.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings which
are meant to be exemplary, not limiting, and wherein like
elements are numbered alike in several Figures, in which:

FIG. 1 is a block diagram showing an AC/DC converter
investigated by the present inventor;

FIG. 2 is a circuit diagram of an AC/DC converter
according to a first embodiment;

FIG. 3A is a waveform diagram showing the operation of
the DC/DC converter in FIG. 2 in the PFM mode, and FIG.
3B is a waveform diagram showing the operation of the
DC/DC converter in FIG. 1 in the PFM mode;

FIG. 4 is a circuit diagram showing a specific configura-
tion of the DC/DC converter in FIG. 2;

FIG. 5 is a circuit diagram of an AC/DC converter
according to a second embodiment;

FIG. 6 is a circuit diagram showing a specific configura-
tion of the DC/DC converter in FIG. 5;

FIG. 7 is a diagram showing an AC adaptor provided with
the AC/DC converter; and
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FIGS. 8A and 8B show electronic devices provided with
the AC/DC converter.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described based on preferred
embodiments which do not intend to limit the scope of the
present invention but exemplify the invention. All of the
features and the combinations thereof described in the
embodiment are not necessarily essential to the invention.

In the present specification, the state represented by the
phrase “the member A is connected to the member B”
includes a state in which the member A is indirectly con-
nected to the member B via another member that does not
substantially affect the electric connection therebetween, or
that does not damage the functions or effects of the connec-
tion therebetween, in addition to a state in which the member
A is physically and directly connected to the member B.

Similarly, the state represented by the phrase “the member
C is provided between the member A and the member B”
includes a state in which the member A is indirectly con-
nected to the member C, or the member B is indirectly
connected to the member C via another member that does
not substantially affect the electric connection therebetween,
or that does not damage the functions or effects of the
connection therebetween, in addition to a state in which the
member A is directly connected to the member C, or the
member B is directly connected to the member C.

First Embodiment

FIG. 2 is a circuit diagram of an AC/DC converter 100
according to a first embodiment. The AC/DC converter 100
includes a filter 102, a rectifier circuit 104, a smoothing
capacitor 106, and an insulation-type DC/DC converter 200.

The DC/DC converter 200 includes a primary controller
202, a photo coupler 204, an output circuit 210, and a
synchronous rectifier controller 300. The output circuit 210
has a topology of a synchronous flyback converter, and
includes a transformer T1, a switching transistor M1 coupled
to a primary winding W1, a synchronous rectifier transistor
M2 coupled to a secondary winding W2, and an output
capacitor C1. In this embodiment, the synchronous rectifier
transistor M2 is provided at a lower voltage side of the
secondary winding of the transformer T1 (ground potential
side).

The synchronous rectifier controller 300 is provided at the
secondary side of the DC/DC converter 200, and controls the
synchronous rectifier transistor M2. A photo-coupler con-
nection terminal (PC) is coupled to the cathode of the light
emitting device (LED) at the input-side of the photo coupler
204. The VD terminal is coupled to receive a drain voltage
V, of the synchronous rectifier transistor M2. The OUT
terminal is coupled to the gate of the synchronous rectifier
transistor M2. In one embodiment, synchronous rectifier
transistor M2 may be built-in inside the synchronous recti-
fier controller 300. The VO terminal is coupled to receive a
voltage detection signal Vg according to the output voltage
V o~ The GND terminal is coupled to a ground line of the
secondary side of the transformer T1.

The synchronous rectifier controller 300 includes a driver
circuit 302 and an error amplifier 310, and is packaged in a
single module. The driver circuit 302 drives the synchronous
rectifier transistor M2. Specifically, driver circuit 302
includes a pulse generator 304 structured to generate a pulse
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signal S1, and a driver 306 coupled to drive the synchronous
rectifier transistor M2 according to the pulse signal S1.

The configuration of the pulse generator 304, and the
method/scheme for generating the pulse signal S1 are not
limited. In one embodiment, the pulse generator 304 may
generate the pulse signal S1 at least based on a voltage
across the synchronous rectifier transistor M2, i.e. a drain-
source voltage V.. Specifically, the pulse generator 304
generates the pulse signal S1 according to the drain-source
voltage V,c and two negative threshold voltages V ,;, and
V- These two threshold are determined to satisfy a
relation of V 7, <V 1,,,<0. For example, V ;=50 mV, and
V m-=—10 mV. The pulse generator 304 sets the pulse signal
S1 at one level for turning-on the synchronous rectifier
transistor M2 (ON-level, high level for example) when the
drain-source voltage Vs becomes lower than the negative
first threshold voltage V ;. Then, the pulse generator 304
sets the pulse signal at another level for turning-off the
synchronous rectifier transistor M2 (OFF-level, low level for
example) when the drain-source voltage Vs becomes
higher than the negative second threshold voltage V .

The error amplifier 310 is coupled to amplify an error
between the voltage detection signal V according to the
output voltage V 5., of the DC/DC converter 200 and its
target voltage V. The error amplifier 310 draws (sinks)
an error current [, according to the error from an input
side of the photo coupler 204 via the PC terminal. The error
amplifier 310 has its output stage having open-collector/
drain configuration, and a collector/drain of the transistor
312 of the output stage is coupled to the PC terminal. The
differential amplifier 314 controls the base current or gate
voltage of the transistor 312 based on the error between the
voltage detection signal V¢ and the reference voltage V.
In the present embodiment, the diode D2 is inserted between
the collector of the transistor 312 and the PC terminal for the
purpose of a circuit protection and/or voltage level shift. In
one embodiment, the diode D2 may be omitted.

The above is the configuration of the DC/DC converter
200 including the synchronous rectifier controller 300. Next,
description will be made regarding the operation of the
DC/DC converter 200.

The voltage detection signal V¢ becomes higher than the
reference voltage V., then the error current Iz, drawn by
the transistor 312 increases and the feedback current .,
flowing through the photo transistor of the photo coupler
204. The feedback voltage V o falls, and the duty cycle ratio
(on-period) of the switching transistor M1 decreases and the
voltage detection signal V¢ changes in one direction (fall
down) so as to match the reference voltage V.. with
feedback. Conversely, the voltage detection signal Vg
becomes lower than the reference voltage Vi, then the
error current [z, drawn by the transistor 312 decreases and
the feedback current I flowing through the light receiving
device. When the feedback voltage V5 rises, the duty cycle
ratio (on-period) of the switching transistor M1 increases
and the voltage detection signal Vg changes in the other
direction (rise up) so as to match the reference voltage V-
by feedback control. Accordingly, the output voltage V 5.+
of the DC/DC converter 200 is maintain at its target level.

The DC/DC converter 200 provides the following advan-
tage. In the synchronous rectifier controller 300, the error
amplifier 310 is integrated on the same semiconductor chip
on which the driver circuit 302 is integrated, and this reduces
the current consumption of the error amplifier 310 in com-
parison with that of the shunt regulator 206 in FIG. 1
significantly.
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The conventional DC/DC converter 2007 of FIG. 1 can be
implemented with the shunt regulator 206. Assuming that
the current consumption of the shunt regulator 206 is about
700 uA and includes 150 uA of the current flowing through
the light emitting device of the photo coupler 204, and the
rest 550 uA flows through the shunt regulator 206 as its
operation current I,,,,. It is to be noted that the operation
current 1., flows through a parallel circuit of the light
emitting device and the resistor and it leads a power loss.

To the contrary, in the circuit of FIG. 2, the operation
current 1, of the error amplifier 310 can be reduced to
about 50 vA even when its output current Iz is 150 1A,
which is the same amount of the shunt regulator 206, and
therefore, the efficiency of the DC/DC converter 200, espe-
cially in the light load state can be improved.

In one embodiment, the power supply terminal VCC of
the synchronous rectifier controller 300 is coupled to the
output line of the DC/DC converter 200, and the synchro-
nous rectifier controller 300 operates with the output voltage
V o7 as its power supply voltage (for example, 24 V). Then
the power consumption of the error amplifier 310 is 24
Vx200 uA=4.8 mW. Conversely, assuming the same condi-
tion, the power consumption of the shunt regulator 206 in
FIG.11is 24 Vx700 uA=16.8 mW, and DC/DC converter 200
of FIG. 2 can reduce its power consumption by 10 mW in
comparison with the DC/DC converter 2007 of FIG. 1.

Further, the synchronous rectifier controller 300 provides
the following advantage. In one embodiment, the DC/DC
converter 200 may be operate intermittently (referred to as
PFM mode) in the light load state. FIG. 3A is a waveform
diagram showing the operation of the DC/DC converter 200
in FIG. 2 in the PFM mode. FIG. 3B shows the operation of
the DC/DC converter 2007 in FIG. 1 in the PFM mode.

In the PFM mode, the switching transistor M1 turns off
after it keeps on-state for a certain on-period T,,. The
output voltage V 5, becomes lower than a threshold in the
vicinity of its reference level, then the switching transistor
M1 turns on again.

The off-period T,z of the switching transistor M1 is
expressed by the equation below using the capacitance C of
the output capacitor C1, a ripple AV of the output voltage
V.. and a discharge current I from the output capacitor C1.

ourd

T o= CxAV/I

And the switching period t is given as the expression
below.

t=Ton+Torr)-Tont+CxAV/I

Here, 1 represents the discharge current from the output
capacitor C1, and it is an equivalent of the current consump-
tion of the shunt regulator 206 in FIG. 1 or that of the error
amplifier 310 in FIG. 2. Assuming that the capacitance of the
output capacitor C1 is 100 uF, the ripple AV is 100 mV, and
T a0, the switching period t1 of the DC/DC converter
2007 in FIG. 1 and the switching period t2 of the DC/DC
converter 200 in FIG. 2 are expressed as below.

t1~100 uAx100 mV/700 uA=14.28 ms

12=~100 uAx100 mV/200 uA=50 ms

Accordingly, the DC/DC converter 200 of FIG. 2 can
lower its switching frequency to one third in comparison
with that of the DC/DC converter 2007 in FIG. 1 in the light
load state. That is, the switching loss required by the
controller 202 for charging/discharging the gate of the
switching transistor M1 is reduced to one third.
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In addition, the single package including the driver circuit
302 and the error amplifier 310 simplifies the design of the
DC/DC converter 200 and/or the AC/DC converter 100.

FIG. 4 is a circuit diagram showing a specific configura-
tion of the DC/DC converter in FIG. 2. A sense resistor Rs
is provided in series with the switching transistor M1 at the
primary side of the transformer T1. The controller 202
monitors the primary current based on a voltage drop across
the sense resistor Rs. The primary current may be used for
current-mode switching and/or an over current protection.
The configuration of the controller 202 is not limited, and it
may include a pulse modulator with peak-current mode,
average-current mode or off-period fixed mode.

A rectifier diode D3 and a smoothing capacitor C3 are
coupled to an auxiliary winding W3, which is provided to
the transformer T1. A voltage across the capacitor C3 is
supplied to the controller 202 as the power supply voltage.

Next, description will be made below regarding the syn-
chronous rectifier controller 300. The synchronous rectifier
transistor M2 is configured as a built-in component of the
synchronous rectifier controller 300. The synchronous rec-
tifier controller 300 includes two semiconductor chips (dice)
SC1 and SC2. The semiconductor chip SC1 is fabricated
with high voltage process and the synchronous rectifier
transistor M2 is integrated on the chip SC1. The driver
circuit 302 and the error amplifier 310 are integrated on the
semiconductor chip SC2.

The driver circuit 302 includes an UVLO (Under-Voltage
Lockout) circuit 320, an internal regulator 322, and a
regulator 324 for the driver in addition to the pulse generator
304 and the driver 306. The UVLO circuit 320 shuts down
the driver circuit 302 when the voltage at VCC terminal
becomes lower than a threshold (3V). The internal regulator
322 receives the voltage at the VCC terminal and supplies a
regulated voltage to other circuits. The regulator 324 for the
driver receives the voltage at the VCC terminal and supplies
a regulated power supply voltage to the driver 306.

The pulse generator 304 includes a blanking circuit 330,
a set comparator 332, a reset comparator 334, an AND gate
336, an OR gate 338, a flip-flop 340, and a blanking circuit
342.

A high voltage clamp circuit (unshown) may be provided
between the drain of the synchronous rectifier transistor M2
and the input terminals (-) of the set comparator 332 and the
reset comparator 334. The set comparator 332 compares the
drain-source voltage V¢ of the synchronous rectifier tran-
sistor M2 with the first threshold voltage V ;; (=-50 mV).
When V<V, an output of the set comparator 332 is
asserted (high-level), an output (pulse signal) S1 of the
flip-flop 340 changes to the on-level (high).

The reset comparator 334 compares the drain-source
voltage V ¢ of the synchronous rectifier transistor M2 with
the second threshold voltage V,, (=—10 mV). When
Vs>V 15, an output of the reset comparator 334 is asserted
(low-level), the flip-flop 340 is reset, and its output S1
changes to off-level (low).

The blanking circuits 330 and 342 masks the set pulse
from set comparator 332 and the reset pulse from reset
comparator 334 respectively while the drain voltage V, of
the synchronous rectifier transistor M2 fluctuates due to
noise. The blanking (mask) periods of the blanking circuits
330 and 342 can be adjusted according to external resistors
R11 and R12 coupled to T_BLANKI1 terminal and
T_BLANK?2 terminal respectively. The AND gate 336 gen-
erates the logical AND of the set pulse and the output of the
blanking circuit 330 so as to mask the set pulse. Similarly,
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the OR gate 338 generate the logical OR of the reset pulse
and the output of the blanking circuit 342 so as to mask the
reset pulse.

Second Embodiment

FIG. 5 is a circuit diagram of an AC/DC converter 1005
according to a second embodiment. The configuration of the
DC/DC converter 2005 is different from that in FIG. 2.
Specifically, the synchronous rectifier transistor M2 of the
output circuit 2105 is provided at a high voltage side of the
secondary winding W2 of the transformer T1.

The synchronous rectifier controller 3005 includes the
driver circuit 3026 and the error amplifier 3105. The basic
configuration and the operation are same as those of FIG. 2.
In this embodiment, a power supply plane for the error
amplifier 3106 and a power supply plane for the driver
circuit 3025 are isolated each other, and a ground plane for
the error amplifier 3105 and a ground plane for the driver
circuit 3025 are isolated each other. The driver circuit 3025
and the error amplifier 3106 are integrated on separate
semiconductor chips (dice), and packaged in a single mod-
ule. In one embodiment, the driver circuit 3025 and error
amplifier 3105 may be integrated on a single chip if the
process design rule allows two isolated power supply planes
and two isolated ground planes in the single chip.

The ground plane of the driver circuit 3025 is coupled to
the source of the synchronous rectifier transistor M2 via the
GNDI1 terminal. VD terminal is coupled to the drain of the
synchronous rectifier transistor M2.

An auxiliary winding W4 of the transformer T1, a diode
D4 and a capacitor C4 generate a power supply voltage
Ve with reference to the source of the synchronous
rectifier transistor M2. The power supply voltage V., is
supplied to the power supply plane of the driver circuit 3025
via VCC terminal of the synchronous rectifier controller
3005.

On the other hand, the ground plane of the error amplifier
3105 is coupled to the ground in the secondary side via the
GND2 terminal. The power supply plane of the error ampli-
fier 3104 is supplied with the voltage V- at the PC terminal
or an internal power supply voltage V .., which is generated
from the voltage V.

FIG. 6 is a circuit diagram showing a specific configura-
tion of the DC/DC converter in FIG. 5. The synchronous
rectifier controller 3005 includes three semiconductor chips
SC3, SC4 and SC5. The semiconductor chip SC3 is fabri-
cated with the high-voltage process, and includes a transistor
M10 configured as FET, and its gate is supplied with a
predetermined bias voltage V -, and clamps the drain voltage
V, of the synchronous rectifier transistor M2. The clamped
voltage V' by the transistor M10 is supplied to the set
comparator 332 and the reset comparator 334. The semi-
conductor chip SC4 corresponds to the driver circuit 30256 of
FIG. 5, and includes the pulse generator 304 and driver 306
as shown in FIG. 4.

On the semiconductor chip SC5, the error amplifier 3105,
an UVLO circuit 350, and an internal regulator 352 are
integrated. The UVLO circuit 350 compares a voltage at the
PC terminal (SH_OUT pin) with a predetermined threshold
voltage (1.4 V), and stops the circuits on the semiconductor
chip SC5 when the UVLO state is detected. The internal
regulator 352 receives the voltage at the PC terminal and
supplies the error amplifier 3105 with an internal power
supply voltage V., which is regulated.

The above is the configuration of the synchronous rectifier
controller 3005. According to the synchronous rectifier
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controller 3005, the current consumption can be reduced as
well as the first embodiment. Further, the switching loss in
the light load state can be reduced at the primary side.

Additionally, in the second embodiment, the ground
planes and the power supply planes are isolated between the
driver circuit 3025 and the error amplifier 3105 respectively.
Therefore, in a platform where the synchronous rectifier
transistor M2 is disposed at the high voltage side, the error
amplifier 3105 can drive the photo coupler 204 with the
ground voltage at secondary side as its ground plane, while
the driver circuit 30256 drives the synchronous rectifier
transistor M2 with the source voltage of the synchronous
rectifier transistor M2 as its ground plane.

Next, description will be made regarding the usage of the
DC/DC converter 200. FIG. 7 is a diagram showing an AC
adapter 800 including the AC/DC converter 100. The AC
adapter 800 includes a plug 802, a casing 804, and a
connector 806. The plug 802 receives commercial AC
voltage V ,~ from an unshown outlet. The AC/DC converter
100 is mounted within the casing 804. The DC output
voltage V .+ generated by the AC/DC converter 100 is
supplied to an electronic device 810 via the connector 806.
Examples of such an electronic device 810 include laptop
PCs, digital still cameras, digital video cameras, cellular
phones, portable audio players, and the like.

FIGS. 8A and 8B are diagrams each showing an electronic
device 900 including the AC/DC converter 100. The elec-
tronic device 900 shown in FIGS. 8A and 8B is configured
as a display apparatus. However, the electronic device 900
is not particularly restricted in kind, as long as it includes a
power supply apparatus as an internal component. Examples
of such an electronic device 900 include audio devices,
refrigerators, washing machines, vacuum cleaners, etc. The
plug 902 receives commercial AC voltage V. from an
unshown outlet. The AC/DC converter 100 is mounted
within the casing 904. The DC output voltage V - gener-
ated by the AC/DC converter 100 is supplied to a load
mounted in the same casing 904. Examples of such a load
include microcomputers, DSPs (Digital Signal Processors),
lighting devices, analog circuits, digital circuits, and the like.

Description has been made regarding the present inven-
tion with reference to the embodiment. The above-described
embodiment has been described for exemplary purposes
only, and is by no means intended to be interpreted restric-
tively. Rather, it can be readily conceived by those skilled in
this art that various modifications may be made by making
various combinations of the aforementioned components or
processes, which are also encompassed in the technical
scope of the present invention. Description will be made
below regarding such modifications.

(1st Modification)

In the embodiments, the present invention may be applied
not only to flyback converter, but also forward converter. In
the forward converter, plural synchronous rectifying tran-
sistors are provided at the secondary side of the transformer
T1. In this modification, the synchronous rectifier controller
may include the driver circuit 302 configured to switch the
plural synchronous rectifying transistors and error amplifier
310, which are integrated in a single package. Otherwise,
combination of plural synchronous rectifier controllers in
FIG. 2 or FIG. 5 may support the forward converter. The
converter may be a QR (Quasi-Resonant) converter.

(2nd Modification)

At least one of the switching transistor and the synchro-
nous rectifier transistor may be configured as a bipolar
transistor or IGBT.
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While the preferred embodiments of the present invention
have been described using specific terms, such description is
for illustrative purposes only, and it is to be understood that
changes and variations may be made without departing from
the spirit or scope of the appended claims.

What is claimed is:

1. A synchronous rectifier controller provided on a sec-
ondary side of an insulation-type synchronous DC/DC con-
verter, wherein the DC/DC converter comprises:

a transformer having its primary winding and its second-

ary winding;

a switching transistor coupled to the primary winding of

the transformer;

a synchronous rectifier transistor coupled to the secondary

winding of the transformer;

a photo coupler; and

a primary controller coupled to an output of the photo

coupler, and configured to control the switching tran-
sistor according to a feedback signal from the photo
coupler, and wherein the synchronous rectifier control-
ler comprises:

a driver circuit for switching the synchronous rectifier

transistor;

a photo coupler connection terminal coupled to an input

side of the photo coupler; and

an error amplifier structured to amplify an error between

a voltage detection signal according to an output volt-
age of the DC/DC converter and its target voltage, and
to draw a current according to the error from an input
side of the photo coupler via the photo coupler con-
nection terminal, wherein the synchronous rectifier
controller is packaged in a single module;

wherein a power supply plane for the error amplifier and

a power supply plane for the driver circuit are isolated
from each other, and a ground plane for the error
amplifier and a ground plane for the driver circuit are
isolated from each other; and

the power supply plane for the error amplifier is supplied

with an internal power supply voltage which is gener-
ated from a voltage at the photo coupler connection
terminal, and the ground plane of the error amplifier is
supplied with a ground voltage at the secondary side of
the DC/DC converter.

2. The synchronous rectifier controller according to claim
1, wherein the synchronous rectifier transistor is provided at
a high voltage side of the secondary winding, and the
transformer further comprises an auxiliary winding provided
at its secondary side, and the DC/DC converter is structured
to generate, by using the auxiliary winding, a power supply
voltage with reference to a voltage potential at a line
connecting the synchronous rectifier transistor to the sec-
ondary winding, and wherein the ground plane of the driver
circuit is supplied with the voltage potential at the line, and
the power supply plane of the driver circuit is supplied with
the power supply voltage.

3. The synchronous rectifier controller according to claim
1, wherein the error amplifier is integrated on one semicon-
ductor chip, and the driver circuit is integrated on another
semiconductor chip.

4. The synchronous rectifier controller according to claim
1, further comprising the synchronous rectifier transistor
packaged in the single module.

5. The synchronous rectifier controller according to claim
1, wherein the error amplifier comprises:

a differential amplifier that amplifies an error between the

voltage detection signal and its target voltage; and
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an output transistor having its base/gate receiving an
output signal of the differential amplifier, its emitter/
source connected to the ground, and its collector/drain
connected to the photo coupler connection terminal.

6. The synchronous rectifier controller according to claim
1, wherein the driver circuit comprises:

a pulse generator that generates a pulse signal, wherein a
level of the pulse signal changes according to at least a
voltage across the synchronous rectifier transistor; and

a driver that drives the synchronous rectifier transistor
according to the pulse signal.

7. The synchronous rectifier controller according to claim

6, wherein (i) the pulse generator sets the pulse signal at an
on-level when the voltage across the synchronous rectifier
transistor becomes lower than a predetermined negative first
threshold voltage, and (ii) the pulse generator sets the pulse
signal at an off-level when the voltage across the synchro-
nous rectifier transistor becomes higher than a predeter-
mined negative second threshold voltage, the second thresh-
old voltage being higher than the first threshold voltage.

8. The synchronous rectifier controller according to claim
7, wherein the pulse generator comprises:

a set comparator structured to compare the voltage across
the synchronous rectifier transistor and the first thresh-
old voltage so as to generate a set pulse;

a reset comparator structured to compare the voltage
across the synchronous rectifier transistor and the sec-
ond threshold voltage so as to generate a reset pulse;
and

a flip-flop structured to change its output according to the
set pulse and the reset pulse.

9. The synchronous rectifier controller according to claim

8, wherein the pulse generator further comprises a blanking
circuit structured to mask the set pulse and the reset pulse for
a predetermined period.

10. The synchronous rectifier controller according to
claim 1, wherein the DC/DC converter is a flyback con-
verter.

11. The synchronous rectifier controller according to
claim 1, wherein the DC/DC converter is a forward con-
verter.

12. An insulation-type synchronous DC/DC converter
comprising:

a transformer having its primary winding and its second-

ary winding;
a switching transistor coupled to the primary winding of
the transformer;
a synchronous rectifier transistor coupled to the secondary
winding of the transformer;
an output capacitor;
a photo coupler;
a synchronous rectifier controller provided on a secondary
side of the insulation-type synchronous DC/DC con-
verter;
a primary controller coupled to an output of the photo
coupler, and configured to control the switching tran-
sistor according to a feedback signal from the photo
coupler, and
wherein the synchronous rectifier controller comprises:
a driver circuit for switching the synchronous rectifier
transistor;

aphoto coupler connection terminal coupled to an input
side of the photo coupler; and

an error amplifier structured to amplify an error
between a voltage detection signal according to an
output voltage of the DC/DC converter and its target
voltage, and to draw a current according to the error
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from an input side of the photo coupler via the photo
coupler connection terminal, wherein the synchro-
nous rectifier controller is packaged in a single
module;

wherein a power supply plane for the error amplifier
and a power supply plane for the driver circuit are
isolated from each other, and a ground plane for the
error amplifier and a ground plane for the driver
circuit are isolated from each other; and

the power supply plane for the error amplifier is sup-
plied with an internal power supply voltage which is
generated from a voltage at the photo coupler con-
nection terminal, and the ground plane of the error
amplifier is supplied with a ground voltage at the
secondary side of the DC/DC converter

wherein the synchronous rectifier controller is structured
to switch the synchronous rectifier transistor, and to
supply a current according to an error between an
output voltage at the output capacitor and its target
voltage to an input side of the photo coupler.

13. A power supply apparatus comprising:

a filter structured to filter a commercial AC voltage;

a diode rectifier circuit structured to full-wave rectity an
output voltage of the filter;

a smoothing capacitor coupled to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 12, configured to
step down the DC input voltage, and to supply the DC
input voltage thus stepped down to a load.

14. An electronic device comprising:

a load;

a filter structured to filter a commercial AC voltage;

a diode rectifier circuit structured to full-wave rectity an
output voltage of the filter;

a smoothing capacitor coupled to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 12, configured to
step down the DC input voltage, and to supply the DC
input voltage thus stepped down to the load.

15. A power supply adapter comprising:

a filter structured to filter a commercial AC voltage;

a diode rectifier circuit structured to full-wave rectity an
output voltage of the filter;

a smoothing capacitor coupled to smooth an output volt-
age of the diode rectifier circuit, so as to generate a DC
input voltage; and

the DC/DC converter according to claim 12, configured to
step down the DC input voltage so as to generate the
DC output voltage.

16. A synchronous rectifier controller provided on a

secondary side of an insulation-type synchronous DC/DC

converter, wherein the DC/DC converter comprises:

a transformer having its primary winding and its second-
ary winding;

a switching transistor coupled to the primary winding of
the transformer;

a synchronous rectifier transistor coupled to the secondary
winding of the transformer;

a photo coupler; and

a primary controller coupled to an output of the photo
coupler, and configured to control the switching tran-
sistor according to a feedback signal from the photo
coupler, and wherein the synchronous rectifier control-
ler comprises:
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a driver circuit for switching the synchronous rectifier
transistor;

a photo coupler connection terminal coupled to an input
side of the photo coupler; and

an error amplifier structured to amplify an error between

a voltage detection signal according to an output volt-

age of the DC/DC converter and its target voltage, and

to draw a current according to the error from an input
side of the photo coupler via the photo coupler con-
nection terminal, wherein the synchronous rectifier
controller is packaged in a single module;

wherein the driver circuit comprises:

a pulse generator that generates a pulse signal, wherein
a level of the pulse signal changes according to at
least a voltage across the synchronous rectifier tran-
sistor; and

a driver that drives the synchronous rectifier transistor
according to the pulse signal;

wherein (i) the pulse generator sets the pulse signal at an
on-level when the voltage across the synchronous rec-
tifier transistor becomes lower than a predetermined
negative first threshold voltage, and (ii) the pulse
generator sets the pulse signal at an off-level when the
voltage across the synchronous rectifier transistor
becomes higher than a predetermined negative second
threshold voltage, the second threshold voltage being
higher than the first threshold voltage; and

wherein the pulse generator comprises:

a set comparator structured to compare the voltage
across the synchronous rectifier transistor and the
first threshold voltage so as to generate a set pulse;

a reset comparator structured to compare the voltage
across the synchronous rectifier transistor and the
second threshold voltage so as to generate a reset
pulse; and

a flip-flop structured to change its output according to
the set pulse and the reset pulse.

17. An insulation-type synchronous DC/DC converter

comprising:

a transformer having its primary winding and its second-
ary winding;
a switching transistor coupled to the primary winding of
the transformer;
a synchronous rectifier transistor coupled to the secondary
winding of the transformer;
an output capacitor;
a photo coupler;
a synchronous rectifier controller provided on a secondary
side of the insulation-type synchronous DC/DC con-
verter;
a primary controller coupled to an output of the photo
coupler, and configured to control the switching tran-
sistor according to a feedback signal from the photo
coupler, and
wherein the synchronous rectifier controller comprises:
a driver circuit for switching the synchronous rectifier
transistor;

aphoto coupler connection terminal coupled to an input
side of the photo coupler; and

an error amplifier structured to amplify an error
between a voltage detection signal according to an
output voltage of the DC/DC converter and its target
voltage, and to draw a current according to the error
from an input side of the photo coupler via the photo
coupler connection terminal, wherein the synchro-
nous rectifier controller is packaged in a single
module;
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wherein the driver circuit comprises:

a pulse generator that generates a pulse signal, wherein
a level of the pulse signal changes according to at
least a voltage across the synchronous rectifier tran-
sistor; and

a driver that drives the synchronous rectifier transistor
according to the pulse signal;

wherein (1) the pulse generator sets the pulse signal at an
on-level when the voltage across the synchronous rec-
tifier transistor becomes lower than a predetermined
negative first threshold voltage, and (ii) the pulse
generator sets the pulse signal at an off-level when the
voltage across the synchronous rectifier transistor
becomes higher than a predetermined negative second
threshold voltage, the second threshold voltage being
higher than the first threshold voltage; and

wherein the pulse generator comprises:

a set comparator structured to compare the voltage
across the synchronous rectifier transistor and the
first threshold voltage so as to generate a set pulse;

a reset comparator structured to compare the voltage
across the synchronous rectifier transistor and the
second threshold voltage so as to generate a reset
pulse; and

a flip-flop structured to change its output according to the set
pulse and the reset pulse
wherein the synchronous rectifier controller is structured
to switch the synchronous rectifier transistor, and to
supply a current according to an error between an
output voltage at the output capacitor and its target
voltage to an input side of the photo coupler.
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